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proliferation andmaintenance of adjacent follicular stem cells and the
differentiation of their progeny to specify the size, morphology and
pigmentation of the hair shaft. Furthermore, signaling to the DP from
surrounding keratinocytes coordinates the activities of follicular stem
cells and the dermal papilla to orchestrate morphogenesis. These
studies complement analysis of genetic manipulations in follicular
stem cells to provide detailed insight into the interactions between
epithelial stemcells and theirmesenchymal niche in an adultmammal.
doi:10.1016/j.ydbio.2008.05.318
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Pax6 is required for properdevelopmentof the vertebrate eye.Unlike
mammals, the adult zebraﬁsh retina possesses a robust regenerative
response. We tested whether Pax6 was required for rod and cone
photoreceptor regeneration in the light-damaged adult zebraﬁsh retina.
In this model, rod precursor and Müller glial cell divisions precede
regeneration of the photoreceptors. Pax6-positive neuronal progenitors
arise from the Müller glia, continue to divide, and migrate along the
Müller glial processes to the outer nuclear layerwhere they differentiate
into the lost photoreceptors. Zebraﬁsh contain two pax6 genes, pax6a
and pax6b, that are functionally redundant in retinal development. To
study the role of Pax6 proteins during retinal regeneration, we
developed a method to conditionally inhibit protein expression by in
vivo electroporation of a cocktail of anti-pax6a and anti-pax6b
morpholinos into the regenerating retina. The pax6a/6b morphant
retina exhibited reduced Pax6a and Pax6bprotein expression.While the
pax6a/6bmorphant did not exhibit inhibition of rod precursor orMüller
glial cell division, it did exhibit inhibition of Müller glial-derived
neuronal progenitor proliferation. This subsequently inhibited cone
photoreceptor regeneration. However, increased levels of rod precursor
cell proliferation lead to a complete regeneration of rod photoreceptors,
which is independent of Müller glial-derived neuronal progenitors.
Thus, Pax6 is required for neuronal progenitor cell ampliﬁcation during
cone cell regeneration in the light-damaged adult retina.
doi:10.1016/j.ydbio.2008.05.319
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The zebraﬁsh dermomyotome contains a population of myogenic
progenitors that contributes to growth of the myotome and possibly
to the adult muscle stem cell population. We have characterized a
unique line of transgenic zebraﬁsh expressing GFP in the dermo-
myotome. Shortly before 24 h we ﬁnd distinct expression of GFP in
a pattern strongly reminiscent of the expression of Pax7 in
myogenic progenitors. We have conﬁrmed the identity of these
cells as myogenic progenitors by colocalization of GFP and Pax7. We
have also found changes in expression of GFP that mimic changes in
Pax7 expression when altering Hedgehog signaling. We are now
using this transgenic line as a tool to study novel aspects of
dermomyotome development. The longevity of GFP has given us
insight into the descendants of these myogenic progenitors. We
have found GFP positive, small diameter muscle ﬁbers, which
express slow myosin, suggesting that the dermomyotome may give
rise to slow ﬁbers as well as fast ﬁbers. We have also found that the
sparse cells of the dermomyotome dispersed on the lateral surface
of the myotome extend projections and make connections with one
another. This morphology suggests possibilities for direct commu-
nication between cells within the dermomyotome. Finally this line
allows us to follow myogenic cell behaviors in real time using time
lapse microscopy. So far we have been able to conﬁrm that this
population is actively dividing. We believe this transgenic line
provides a distinctive tool in studies of myogenesis.
doi:10.1016/j.ydbio.2008.05.320
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We have established primary myogenic precursor cell cultures
from adult skeletal muscle and the muscle derived electric organ
(EO) of the gymnotiform S. macrurus. Our protocol was modiﬁed
from those of Fauconneau et. al., (2000) for the isolation of
rainbow trout myoblasts. Brieﬂy, skeletal muscle and EO were
dissected from adult ﬁsh, cut into 5 mm3 chunks and incubated
overnight in growth medium (GM: 10% FBS/1% penicillin and
streptomycin in L-15 medium). Tissue was then minced to 1 mm3
pieces and treated with collagenase and trypsin for enzymatic
dissociation. Following centrifugation, cells were plated on col-
lagen-coated wells and maintained to conﬂuence in GM. Myogenic
cell differentiation was induced by switching GM to differentiation
medium (DM: 2% FBS/1% penicillin and streptomycin in L-15
medium) for 5 days. We detected both mono and multinucleated
cells that were immunolabeled with antibodies against mature
muscle markers desmin, titin, and sarcomeric MHC. This differ-
entiation capacity was observed even after several passages. These
data represent the ﬁrst known isolation of myogenic precursor cells
from any electric ﬁsh muscle, as well as their differentiation in
vitro. Establishment of a S. macrurus myogenic precursor cell line
will permit investigations of molecular and cellular mechanisms
involved in the regeneration of muscle and its derived tissues.
Further, a myogenic precursor cell line will facilitate our studies on
the developmental origin of EO.
doi:10.1016/j.ydbio.2008.05.321
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Muscle satellite cells are a population of undifferentiatedmyogenic
progenitor cells.We have previously shown that they can contribute to
myoﬁber expansion during Xenopus tadpole growth and form new
ﬁbers in the regenerating tails. This study aims to explore the satellite
cells precursor zones in Xenopus laevis embryos. We labeled three
different zones of posterior mesoderm (type I-III according to the
position of themesoderm related to themidline) before somitogenesis
by orthotopic grafting mesoderm from CMV-nucGFP transgenic donor
embryos. The resulting tadpole tails with GFP expression were
subjected to double immunostaining against GFP and pax7, which
we have established as a reliable marker of Xenopus muscle satellite
cells. Based on quantiﬁcations, we found that only the type II meso-
derm which is lateral to presomitic plate, could give rise to a small
percentage of muscle satellite cells, whereas the other two regions of
mesoderm contribute nothing. In addition, we noticed that CMV-
nucGFP will be silenced in some nuclei of satellite cells in the
transgenic donor tadpoles. This might explain the lower percentage of
GFP labelled satellite cells in the type II mesoderm and also suggests
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We have investigated the requirement for the FGF and Wnt/beta-
catenin pathways for Xenopus tadpole tail regeneration. Pathways
were modiﬁed either by treatment with small molecules or by
induction of transgene expression with heat shocks. Regeneration is
inhibited by treatment with the FGF inhibitor SU5402, or by
activation of a dominant negative FGF receptor, or by activation of
expression of the Wnt inhibitor Dkk1. Agents promoting Wnt
activity: the small molecule BIO, or a constitutively active form of
beta-catenin, led to an increased growth rate. Combination of a Wnt
activator with FGF inhibitor suppressed regeneration, while combi-
nation of a Wnt inhibitor with a FGF activator allowed regeneration.
This suggests that the Wnt activity lies upstream of the FGF activity.
Expression of both Wnt and FGF components was inhibited by
activation of noggin, suggesting that BMP signalling lies upstream of
both Wnt and FGF. The results show that the molecular mechanism
of Xenopus tadpole tail regeneration is surprisingly similar to that of
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Unlikemammals, Xenopus laevis tadpoles are capable of regenerating
central nervous system (CNS) axons despite expressing all of the factors
known to inhibit regeneration. They lose this ability after metamorpho-
sis, which provides a useful animal model for studying factors involved
with regenerative success and failure in the same organism. Using
retrograde double labelingwithdextran-amines,wehave found that the
reticular neurons in the hindbrain successfully regenerate axons
following spinal cord transection. To investigate the changes in gene
expression that accompany successful CNS axon regeneration in spinal
cord, we used in situ hybridization (ISH) and quantitative real-time PCR
to chart expression proﬁles of genes associated with vertebrate axon
regeneration (GAP-43, the middle neuroﬁlament protein, and periph-
erin).We also used ISH formusashi, anRNAbindingprotein expressed in
neuronal stem cells, which established that neurogenesis was not
involved in Xenopus CNS axon regeneration. We found that uninjured
pre-metamorphic tadpoles already expressed growth associated genes
at levels comparable to thoseof injured regeneratinganimals, suggesting
that regenerative success arises from a growth-permissive state that
exists duringmetamorphosis.Wewill use laser capturemicrodissection
andAffymetrixmicroarrays to further investigate the intrinsicmolecular
mechanisms underlying successful CNS regeneration.
doi:10.1016/j.ydbio.2008.05.324
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The primary focus in amphibian spinal cord regeneration has
been on the ependymal cells, as these are the cells that reconstruct
the spinal cord and remodel the ‘scar’ extracellular matrix by
producing matrix metalloproteinases. However, in the axolotl
(Ambystoma mexicanum), when reactive meninges and ependymal
cells are co-cultured, rhodamine–phalloidin labeling shows the
mesenchymal ependymal cells appear to re-epithelialize without
the usual changes of growth factor content. This suggests a
previously unsuspected mutual interaction between the two cell
types. Re-examination of the ultrastructure of the meninges is a
necessary ﬁrst step in understanding this interaction. Transmission
and scanning electron microscopy were used to determine the
tissue organization of the meningeal sheath in both intact and
regenerating transected spinal cord of adult axolotls. The meningeal
cells of the pia mater appear to have cell junctions, although the
presence of a basal lamina remains questionable. Whether this layer
is a true epithelium or an interdigitated layer of ﬁbroblasts is under
investigation. The pia, which is typically 1–2 cells thick in the intact
cord, thickens to 3–4 cells deep in regenerating cord. While it is
clear the meninges produce and secrete ﬁbrillar collagen, it appears
reactive meninges produce a mass of collagen IV in the lesion site as
demonstrated by trichrome and immunohistochemistry staining.
Further characterization of the role of the meninges in this transient
‘scar’ formation is needed, as in mammals the ﬁbrotic scar is a major
obstacle in regeneration. Funded by William M. Keck Foundation.
doi:10.1016/j.ydbio.2008.05.325
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